IMPORTANCE Clinical trials of prophylactic implantable cardioverter-defibrillators (ICDs) have included a minority of patients with a left ventricular ejection fraction (LVEF) between 30% and 35%. Because a large number of ICDs in the United States are implanted in such patients, it is important to study survival associated with this therapy.
have established the implantable cardioverter-defibrillator (ICD) as the best therapy currently available to prevent sudden cardiac death in patients with heart failure, some uncertainties remain regarding the use of prophylactic ICDs in patients seen in clinical practice. [4] [5] [6] [7] [8] Several of these uncertainties involve the survival benefit associated with the ICD in patient groups not well represented in clinical trials. One important group is patients with a left ventricular ejection fraction (LVEF) between 30% and 35%. Although most of the randomized clinical trials of prophylactic ICDs have required an LVEF of 35% or less for enrollment, the median LVEF of enrolled patients was well below 30%. [4] [5] [6] [7] [8] Because a large number of prophylactic ICDs in the United States are implanted in patients with an LVEF between 30% and 35%, understanding outcomes associated with the ICDs in such patients is important. 9, 10 The Centers for Medicare & Medicaid
Services have designated patients with an LVEF between 30% and 35% as an important subgroup for whom more data on ICD effectiveness are needed. 9, 10 Using the National Cardiovascular Data Registry (NCDR) ICD registry and the American Heart Association Get With The Guidelines-Heart Failure (GWTG-HF) database, we sought to characterize patients with an LVEF between 30% and 35% and to compare the survival of patients with an ICD with that of patients with no ICD.
Methods

Data Sources NCDR ICD Registry
When the Centers for Medicare & Medicaid Services expanded coverage for prophylactic ICDs, it required that data on all prophylactic ICD implants in Medicare beneficiaries be entered into a national ICD registry. This led to the introduction of the NCDR ICD registry in June 2005. Because 78% of the 1448 participating hospitals submit data on all ICD implants and those are generally the larger participating hospitals, they account for 90% of all ICD implants entered into the registry. 10, 11 Processes of data collection in the NCDR ICD registry have been published. 10, 11 After formal training by the NCDR, participating hospitals submit data via a secure website. Submitted data undergo rigorous electronic quality checks, and each year up to 10% of participating sites are randomly selected for an on-site audit. 12 In the 2010 audit, the average raw accuracy of data abstraction was 91.2%.
12
GWTG-HF Database
The GWTG-HF project involves ongoing voluntary data collection that started in 2000 and is intended for quality improvement. Using a point-of-service Internet-based tool, participating hospitals submit clinical information on the in-hospital care and outcomes of patients admitted to the hospital for heart failure. Trained personnel at participating sites abstract data on consecutive eligible patients using standardized definitions and submit these data to the GWTG-HF database. Because data are mainly used at the local site for quality improvement, all sites were granted a waiver of informed consent by local institutional review boards under the Common Rule. The Duke Clinical Research Institute, the data analysis center for this database, has an agreement to analyze the aggregate deidentified data for research purposes. 13 Outcome, a
Quintiles company, is the data collection and coordination center for the American Heart Association/American Stroke Association GWTG programs. 
Medicare Database
Study Population
Indications for prophylactic ICDs in patients with heart failure include (1) LVEF of 35% or less, prior myocardial infarction, and New York Heart Association (NYHA) class II or III, (2) nonischemic cardiomyopathy, LVEF of 35% or less, and NYHA class II or III, and (3) LVEF of 30% or less, prior myocardial infarction, and NYHA class I. The ICD group was derived from the NCDR ICD registry, and the group of patients with heart failure eligible for a prophylactic ICD but not treated was obtained from the GWTG-HF database. Both groups were limited to patients with an LVEF between 30% and 35% hospitalized for heart failure.
Outcomes
The primary outcome of this analysis was all-cause mortality. Vital status was obtained using Medicare claims data through December 31, 2011. When no record of death in the claims data was found, a patient was considered alive as of December 31, 2011, or the date at which the patient was no longer enrolled in Part A and Part B fee-for-service Medicare, whichever came first.
Statistical Analysis
The baseline characteristics of patients with an LVEF between 30% and 35% in the ICD group and the non-ICD group were compared using the Wilcoxon rank-sum test for continuous variables and the Pearson χ 2 test for categorical variables.
Data are presented as medians and interquartile ranges (IQRs) for continuous variables and as counts with percentages for categorical variables. Variables with missing values for 15% or more of patients in either group were excluded from the analysis. The standardized difference between groups for each variable was defined as the absolute value of the difference in group means or proportions, divided by the average standard deviation, and expressed as a percentage. The baseline characteristics of ICD and non-ICD patients were different. Thus, a matching process was implemented using the Rosenbaum and Rubin method to derive a set of non-ICD patients comparable with the sample of ICD patients (the smaller group). 15 For continuous variables, we excluded non-ICD patients whose values were below the minimum or above the maximum for ICD patients. Missing data were handled by imputation, using the set-specific median for continuous variables and the mode for categorical variables. Missing rates were generally low: less than 1% for all variables in the NCDR ICD registry and less than 2% for most variables in the GWTG-HF database.
A propensity model was constructed using logistic regression in which the independent variables were baseline characteristics available in both groups and the dependent variable was an indicator of whether each patient was an ICD or a non-ICD patient. Variables included in the model were age, sex, race (white vs other), LVEF, ischemic heart disease, diabetes, hypertension, prior atrial arrhythmia, systolic blood pressure, and baseline use of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, β-blocker, calcium channel blocker, digoxin, diuretic, or statin. In the GWTG-HF database, data were lacking on NYHA class and QRS duration. As a result, these variables were not included in the model. Using the logistic regression model, an estimated propensity score (the probability [p] of a patient having an ICD) and a corresponding logit for the propensity score (log e [p/(1 − p)]) were calculated for each patient.
For matching within calipers, a caliper width of 0.25 times the standard deviation of the logit was used. For a given ICD patient, all non-ICD patients were considered whose logit differed from the ICD patient's logit by less than the caliper width. Among these patients, the non-ICD patient with the shortest distance (Mahalanobis distance) from the ICD patient was selected as a match. Variables used in calculating the Mahalanobis distance were all significant predictors from the propensity model. ICD patients for whom there were no non-ICD patients within the caliper width were omitted from the analysis (n = 2). Each non-ICD patient was matched only once.
The process of creating a matched cohort was repeated in the subgroup of patients with an LVEF less than 30%.
A Cox proportional hazards model was used to evaluate the association of the presence of an ICD with the risk of mortality among the matched patients. The model included patients with an LVEF between 30% and 35%, patients with an LVEF less than 30%, a term for the LVEF group, and a term for the interaction between LVEF group and presence of an ICD. The model was stratified by quartile of propensity score, and it also contained as covariates all baseline variables listed above. The proportional hazards assumption for the ICD term was assessed and determined to have been met. Risk relationships derived from the Cox model are expressed as hazard ratios (HRs) with 95% CIs. Mortality rates at 1 and 3 years are presented both as unadjusted Kaplan-Meier estimates and as adjusted rates derived from the Cox model. For the follow-up time, event rates, and matched sample size among patients with LVEF between 30% and 35% (the smaller cohort), we had 85% power to detect a 25% reduction in mortality risk with the ICD.
Differences were considered statistically significant at P < .05; all statistical tests were 2-sided. SAS version 9.2 (SAS Institute Inc) was used for all analyses.
Results
Derivation of the Study Population
From the NCDR ICD registry, we included patients who received a prophylactic ICD from January 1, 2006, through December 31, 2007, were 65 years or older, and whose primary insurance was Medicare (n = 2413). We then excluded records of patients with a potential contraindication to an ICD, including recent-onset of heart failure, recent myocardial infarction or coronary artery bypass graft surgery, or NYHA class IV heart failure symptoms (n = 919); patients who received a secondary prevention ICD (n = 90); patients who received an ICD with cardiac resynchronization therapy (n = 853); and patients who received device replacements (n = 18). After these exclusions, 533 records remained from the NCDR ICD registry group.
From the GWTG-HF database, we included patients with an LVEF between 30% and 35% who were hospitalized for heart failure from January 1, 2005, through December 31, 2009; did not receive an ICD; were at least 65 years of age; and whose primary insurance was Medicare (n = 5367). We excluded records of patients who had new-onset heart failure (n = 473); patients who left against medical advice (n = 16); patients transferred to another acute care facility (n = 80); and patients discharged to hospice, a skilled nursing facility, or a rehabilitation center (n = 1335). We also excluded records of patients with a contraindication or other physician-documented reason for not receiving an ICD, including recent-onset heart failure, recent myocardial infarction or coronary artery bypass graft surgery, NYHA class IV heart failure symptoms (entered as a reason for not receiving an ICD), and no reasonable expectation of survival to at least 1 year (n = 491). A total of 2972 records remained for analysis from the GWTG-HF group.
After these exclusions, qualifying records were matched with enrollment files and inpatient claims from the Medicare data to identify unique patients as described above. Patient data in the registries were merged with Medicare Part A inpatient claims, matching by admission and discharge dates, date of birth, sex, and hospital.
14 Of the 3505 hospitalizations of patients 65 years or older, we matched 3354 to fee-for-service Medicare claims. We included only the first hospitalization for each patient among matching records and retained the NCDR ICD registry record for patients who appeared in both registries. As a result, our analysis included 3120 unique Medicare patients, 410 in the NCDR ICD registry and 2710 in the GWTG-HF database. The same process was used to obtain a
Baseline Characteristics
As shown in Table 1 , before matching, the majority of the baseline characteristics of patients in the NCDR ICD registry (ICD group) and GWTG-HF database (non-ICD group) were significantly different. Compared with patients in the ICD group, patients in the non-ICD group were older and less frequently men. Ischemic heart disease, prior atrial arrhythmias, diabetes, and hypertension were more common in the ICD group. The rates of use of β-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and digoxin were comparable between the 2 groups. Matching made the groups similar with no statistically significant differences remaining in the characteristics compared (Table 1) ; standardized differences in baseline characteristics did not exceed 8%. Matched patients were aged 75 to 76 years and were mostly men and white. The mean LVEF was 30%, and about 75% of the patients had ischemic cardiomyopathy. Guideline-recommended medications for heart failure were used for the majority of patients. A similar analysis of baseline characteristics of patients with an LVEF less than 30% before and after matching was performed (eTable in Supplement). After matching patients with an LVEF less than 30% from the ICD and non-ICD groups, the standardized difference in each measured variable did not exceed 6%.
All-Cause Mortality
As shown in Table 2 , during a median follow-up time of 4.4 years (IQR, 2.7-4.9), 248 matched ICD patients died, and during a median follow-up time of 2.9 years (IQR, 2.1-4.4), 249 matched non-ICD patients died. At 1 year, 24.5% of ICD patients died vs 24.9% of non-ICD patients. At 3 years, 51.4% of the ICD patients died, compared with 55.0% of the non-ICD patients. The risk of mortality in patients with an LVEF between 30% and 35% and an ICD was significantly lower than that of matched patients without an ICD (HR, 0.83 [95% CI 0.69-0.99]; P = .04). Likewise, in patients with an LVEF less than 30% and an ICD, the risk of mortality was significantly lower compared with that of matched patients with no ICD (HR, 0.72 [95% CI, 0.65-0.81]; P < .001) ( Table 2 ). In the matched analysis, unadjusted Kaplan-Meier estimates and adjusted modelderived estimates for mortality were generated and are shown in the Figure. There was no interaction of LVEF with the presence of an ICD in relation to mortality risk (P = .20), indicating that the association of ICD with mortality risk is similar for patients with an LVEF between 30% and 35% and for those with an LVEF less than 30%.
Discussion
Using the largest registry of ICD implants in the United States and studying "real-world" settings, we showed that the survival of patients with heart failure and an LVEF between 30% and 35% and an ICD was significantly better than that of patients with heart failure and no ICD. Patients with an LVEF less than 30% and an ICD also had better survival than patients with heart failure and no ICD. The difference in survival may appear to be greater in patients with an LVEF less than 30%; however, it was clearly significant in both groups of patients, and at about 2 years in the Multicenter Automatic Defibrillator Implantation Trial II 6 ). These results support guidelines' recommendations to implant a prophylactic ICD in eligible patients with an LVEF of 35% or less. 16 The association between the presence of an ICD and improved outcomes in patients with an LVEF between 30% and 35% has been largely implied. Although most of the randomized clinical trials of prophylactic ICDs demanded an inclusion LVEF of 35% or less, the median LVEF of enrolled patients was considerably lower. [4] [5] [6] [7] [8] In a previous analysis of 3530 patients from 5 prophylactic ICD trials, our group found that an LVEF between 30% and 35% was present in only 389 patients, of whom only 184 had an ICD. 17 Although a statistically nonsignificant difference in survival was found among 
Adjusted mortality rate
Adjusted rates, hazard ratios, and P values are from Cox models that include age, sex, race, left ventricular ejection fraction, ischemic heart disease, prior atrial arrhythmia, systolic blood pressure, diabetes, hypertension, and baseline use of angiotensin-converting enzyme inhibitor, angiotensin receptor blocker, calcium channel blocker, digoxin, diuretic, or statin. an important gap in knowledge. The Centers for Medicare & Medicaid Services identified understanding the outcomes of patients with LVEF between 30% and 35% and a prophylactic ICD as a priority that needs to be addressed within the NCDR ICD registry. 9, 10 This, coupled with the fact that a large number of ICDs are being implanted in patients with an LVEF between 30% and 35% in the United States, underscores the potential health policy implications of our findings 9, 10 In this analysis, we reported only on all-cause mortality. Although survival is a very important end point, other end points, such as quality of life, also may be of value to patients. Information on such end points as well as on procedural complications is crucial for clinical decision making. Although we were not able to examine other end points in our study, our research may provide the impetus for studying these end points in future trials. Second, the index event for all patients in our analysis was a hospitalization for heart failure, which has been associated with high risk of mortality. [18] [19] [20] Patients in our analysis likely had other competing causes of death, which may have led to underestimation of the survival advantage associated with presence of an ICD. Our study has several limitations. We restricted this analysis to Medicare patients; as such, our results may not apply to non-Medicare patients. Propensity score matching may limit the generalizability of our findings, especially because patients who could not be matched and those who did not survive to receive an ICD were excluded. Our inability to adjust for unknown confounders or for clinical factors with missing values in 15% or more of patients, such as creatinine, or for factors not collected by the NCDR ICD registry and the GWTG-HF database, such as QRS width and NYHA class, may partially explain the differences in outcomes. Interaction tests are often underpowered, and it is possible that a difference exists in the risk relationship between the groups that we did not detect. The associations of device use with outcomes may not reflect causality. Data quality was dependent on the accuracy and completeness of documentation and abstraction in the NCDR ICD registry and the GWTG-HF database and of coding in the Medicare Claims database. However, in a recent audit of the NCDR ICD registry, the majority of fields accurately reflected data in medical charts. 12 Some patients considered eligible for treatment who were not treated may have had contraindications or other reasons that prevented treatment but were not documented in the medical record. Because trials of prophylactic ICDs predated dissemination of cardiac resynchronization therapy, they included patients eligible for that therapy. Excluding such patients from our study may have led to inclusion of healthier patients with fewer competing mortality risks. Although the comparators came from different data sources, the overlap between the centers participating in these registries is likely substantial because all centers involved in implanting prophylactic ICDs in Medicare beneficiaries are required to participate in the NCDR ICD registry.
Conclusions
Using the NCDR ICD registry and the GWTG-HF database, we demonstrated that in Medicare beneficiaries with an LVEF between 30% and 35%, survival associated with a prophylactic ICD was significantly better than survival associated with no ICD. This was also observed in patients with an LVEF less than 30%. These findings support the use of prophylactic ICDs in eligible patients with an LVEF of 35% or less.
